Laser Raman spectroscopic studies were carried out on hemoproteins with special reference to epilepsy and compared the data with those of controls. Some of the bands were found approximately at 368.45 cm . Our Raman lines are very effective and peculiar. We did not say anything about the detailing of these bands at this juncture.
Introduction
When a beam of light is passed through a transparent substance, a small amount of the radiation energy is scattered, the scattering persisting even if all dust particles or other extraneous matter are excluded rigorously from the substance. If we use a monochromatic radiation, or radiation of a very narrow frequency band is used, the scattered energy will consist almost entirely of radiation of the incident frequency is called Rayleigh scattering. We have also found in addition certain discrete frequencies above and below the incident beam, which will be scattered [1] .
Raman spectroscopy is named after the Indian scientist Sir C. V. Raman. Raman and Krishnan [2] have worked jointly together and observed that some of the light scattered by a liquid is changed in wavelength. That portion of light, which undergoes a change in wavelength is called Raman scattered light. The basic phenomenon of Raman scattering seems between inelastic collision of molecules composing the liquid and photons.
These photons are the particles composing the beam of light. We would like to define inelastic collision at this stage. An inelastic collision termed as there is an exchange of energy between the photon and molecule with a consequent change in energy. Due to this change in energy a change in wavelength of photon is found. This basic mechanism is shown in Figure 1 .
The total energy is conserved during the scattering process. The gain in energy or lost by the photon must be equal to an energy change within the molecule. If we are able to measure the gain in energy or lost by the photon by any means, we can probe changes in molecular energy. The changes in energy of the molecule are called transitions between molecular energy levels. Raman spectroscopy is concerned with vibrational energy level transitions of the molecule. Raman spectrum is called a vibrational spectrum of a molecule also.
The vibrational spectrum is a sensitive indicator of chemical or biochemical properties. It reflects the disposition of atomic nuclei and chemical bonds within a molecule and the interaction between the molecule and its immediate environment.
Raman and Krishnan used a beam of focused and filtered sunlight in their original experiment of Raman scattering. A schematic representation is shown in Figure 2.
A beam of monochromatic laser of wavelength 1  is focused into the sample. It produces a high photon density. The resulting scattered light is analyzed for the wavelength and intensity. Raman effect is too much weak and only a minute proportion of the incident photon became Raman photons of wavelength 2 2 3 , , ,...
  
etc.
Introductory Theoretical Details
Tobin, M.C. [3] has supplied some of the useful informations about the detailed knowledge with mathematical formulation of Raman scattering. If a molecule is placed in an electromagnetic field (E.M. field) has its charge distribution. This distribution is periodically disturbed by the field. The resultant in- duced alternating dipole moment acts as a source of radiation and gives rise to the entire class of light scattering phenomenon.
The alternating dipole moment is generally expressed as the dipole moment per unit volume, the polarization.
The polarization is proportional to the inducing field
The constant  is called polarizability. The inducing electromagnetic field is given by
Using Equations (2) and (1), we get
The polarizability  consists of two parts as the first part is a constant, 0  , which represents the static polarizability. The second part is the some of terms having the periodic terms time dependence of the normal frequencies of the system under consideration.
The normal frequencies n  may be rotational or vibrational frequencies of a molecule, lattice frequencies of a crystal or even, in Brillouin scattering, acoustic frequencies of a solid. Using Equations (1) and (4) 
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The energy radiated per second by a system in an E.M. field into a Raman transition is given by     
Intensities and Scattering Cross Sections periment
Here, we have  is the total scattering cross section, N is the number of molecules illuminated. The total scattered power is given by the relation. 
If P is number of molecules per cm 3 
and
m. This Equation is simply Beer's Law. Now a Raman band extends over ci
Equation (15) shows total power of the incident bea a range of frequentes so that we can define a differential cross scattering section. 
Here d is an element of solid angle. 
Here ab  is the frequency of Raman shift.
Review of the Literature
an spectra can be used to elicit some informations on excited lifetime in heme proteins have covered all the possibilities r in detail with roach. Adar, F.
lobin and methemoglobin. They have also measured the decay times.
It was found in the range (3 -100) × 10 −5 sec Friedman, J.M. et al. [6] [4] elated to heme proteins an exclusive well defined app et al. [5] have studied Raman intensities in ferrocytochrome b5, ferricytochrome b5, oxyhemoglobin, deoxyhemog .
ate life e in cytochrome C. They have p that the life time in cytocrome C is longer than cytocrome b5. The relaxation of the π π   the porphyrin ring in cytochrome b5 was found quite different in both the X and Y axis of Cartesian coordinate system. Strekas, T.C. et al. [7, 8] have studied cytochrome C and hemoglobin using Raman spectroscopy. Brunner, H. et al. [9] have also studied hemoglobin and developed an interest in this spectroscopy for biomolecule aspects.
Spiro, T.G. et al. [10] have studied this spectroscopy for additional impetus on inverse polarization.
ectroscopy is also used to study hemes in healthy and diseased red blood cells.
Wood, B.R. et al. [11] have applied this technique to study single red blood cell in viv cord the spectra under physiological conditions. The study confirms the functional erythrocytes using 488 nm, 514 nm, 568 nm and 633 nm excitation.
Fabian, H. et al. [12] have reviewed and given new developments in Raman spectroscopy of biological systems. It has been written some where that heme proteins are coloured due to this feature they absorb visible light.
Spiro, T.G. [13] has also provided review on this issue in detail. We would like to add here that the function of heme proteins is consider to transport the molecular oxygen (the globins) or to transport the electrons (cytochromes) or to act as the enzymes ,i.e to catalyze chemical reactions (cytochromes P-450, peroxydase, catalases ). Active sites of heme proteins contain hemes, which are derivatives of porphyrine. Spectra of porphyCopyright © 2013 SciRes.
OJAppS rine and hemes are very well known and given by some of the authors [14] [15] [16] . Many authors [13, 17, 18] have st iro rties to cyto by isotropic su physiological conditions often the oxygen atom. This is in some of th udied the positions of some of the definite bands, which are known to reflect geometry of the heme ,heme iron coordination, spin and oxidation states. There was a definite uncertainity in the assignment of the ligand-heme n atom vibrations. The heme-iron-imidazole nitrogen, which was originated from histidine mode of bonding is the most common in globins and in cytochromes of b type. Some of the authors [19, 20] have predicted and accepted that this band vibrates at 210 -290 cm
. Anzenbacher, P. et al. [21] have studied the nature of the fifth ligand of heme iron appeared to be crucial for understanding the mechanism of action oxygen activation and of activation of peroxides in heme enzymes. The heme enzymes posses same prosthetic group as the globins (oxygen carrier hemoglobin and myoglobin) or the cytochromes (transporting of the electrons), are able to activate the Fe-O-O moiety for chemical reactions as hydroxylations or splitting of peroxides. Some of the authors [22] [23] [24] [25] have studied the strong electron donating effect of the heme iron fifth ligand, which is known as thiolate sulfer in cytochromes P-450, ionized histidine in peroxidases and ionized tyrosine in calalases ,which is necessary for the reactions of heme enzymes.
Hu, S. et al. [26, 27] have studied a weakening of the Fe-O and O-O bonds for cytochrome P-450 and peroxidase. A splitting of the Fe-O-O band and formation of the products were also seen. For the rest of hemoproteins, including the globins, or cytochromes. Some of the researchers [28, 29] expected that the weaker the Fe-sixth ligand bond ,the stronger is the internal bond of the sixth ligand e.g. O-O and C-O. The heme enzymes apparently an exception as the Fe-O bond as well as the O-O bond must be broken during the enzyme reaction.
Bangcharoenpaurpone, O. et al. [30] have also argued about the importance of determination of the nature of the fifth heme iron ligand and it was confirmed with chloroperoxidase. This exhibits similar prope chrome P-450. Resonance Raman spectrum have shown it is the thiolate sulfur. The fifth heme iron-ligand bond plays a key role in modulating the affinity of molecular oxygen to the hemoglobin molecule.
Matsukawa, S. et al. [31] have presented a continuous strain model, which relates the oxygen affinity to the strain imposed by the protein to the Fe-N histidine band. Wells, A.V. et al. [32] have examined iron-histidine modes in globin. It has been found that at least one further vibration at about 250 cm −1 is affected bstitution. An interaction between the heme and histidine and also the difference in the heme, his geometries play a key role in determining the Raman activity of these modes. The sixth ligand of the heme iron is under the case of globins, where the molecular oxygen is transported being bound (as the sixth ligand) to the heme iron. It may be bound to the heme enzymes. Proniewicz, L.M. et al. [33] . Babcock, G.T. et al. [41] have shown the spectra of myoglobin at 797 cm −1 Sitter, A.T. et al. [42] have studied the spectra of N-methylimidazole (heme) Fe=O compound at 820 cm . It has been assumed that the heme enzymes, weaker Fe=O bond, which reflect strong fifth ligand-iron bond. Cytochrome oxidase is most complicated. It comprises two hemes of the types and at least two copper atoms per heme. Varotis, C. et al. [43] have studied Raman spectroscopy and verified the existence of primary oxy intermediate. Some of the authors [38, 44, 45] have studied Raman spectral data for the presence of ferryl [Fe (IV = 0)] species. Han, S. et al. [46] given assignment of formyl C=O vibration. Ray, G.B. et al. [47] have studied the presence of a low spin-high spin eqilibria in the oxidase heme. Paula, J.C. et al. [48] have studied protein environment is both hemes. It is easily can be stated that cytochrome C may be an example of cytochromes. It works as heme proteins transporting electrons.
Hildebrandt, P. et al. [49, 50] have applied Raman spectroscopy to study the conformation of heme protein. Hildebrandt, P. et al. [51] have studied changes of heme protein upon interaction with other proteins as cytochrome C oxidase Hildebrandt, P. et al. [52] have studied cytochrome C peroxidase also with the help of Raman spectroscopy.
A selective structural probe of the prosthetic group of hemoproteins can be studied by this technique. The vibrational normal modes of the heme can be observed in aqueous solution at high dilution without interference of the modes of the protein.
It has been seen that if the excitation occurs in the Q bands region, porphyrin in-plane skeletal modes may be received on enhancement. Spiro T.G. et al. [53] have sh r, et al. [9] [64] have studied resonance Raman spectra of cytochrome C oxidase. They have provided excitation in the 600 nm region. They have observed few bands, which are associated with two heme A moieties in the enzyme.
Ye, X. et al. [65] have applied Raman spectroscopy to the heme protein. They have investigated the flow of photo excitation energy in biomolecules. The transient absorption ates of myoglobin display an initially broad and red-shifted photoproduct absorption spectrum. They have also reported a vibrational relaxation path also through the vander walls contacts at the heme periphery was more important than through the single Fe-His covalent bond between heme and proteins matrix.
Tu, A.T. [66] [72] have applied resonance Raman spectroscopy in studing the metalloctaethyloporphyrins. They have demonstrated an empirical correlan between 1590 cm −1 frequency and distance from the centre of the porphyrin core to the pyrole nitrogen atoms.
Spiro, T.G. [73] has used this spectroscopy as a new structuere probe for biological chromophores. Author reported that heme protein has an iron por ophore. Raman spectra were found to be dominated by the porphyrin vibrational modes, which are enhanced by resonance with the allowed electronic transition in the visible and near ultravidet region.
These are π π   transitions which are polarized in the porphyrin plance. The strong Raman bands are found in the r gion is suitable for in-plane stretching vibrations of the ring. A typical structure of heme protein is shown in Figure 3 .
Bulkin, B.J. [74] has applied this spectroscopy to study human erythrocyte membranes. He has shown that Raan spectrum of a suspension of erythrocyte membrance was found in the range of frequency as 1000 cm −1 to 1500 cm . He has also reported that these bands were attributed to the hydrocarbon chains of fatty acids, with a small. Contribution from CH 2 grou man spectru 1100 cm −1 is a good diagnostic for fluidity of fatty acid chains in phospholipids.
Shelnutt, J.A. et al. [75] have studied protein heme interaction in hemoglobin and reported that the heme protein Ramn spectra obtained due to resonance enhancement with vi those vibrational modes associated with the porphyrin macrocycle.
Tomkova, A. et al. [76] have studied cytochrome C, with help of Raman spectroscopy. Cytochrome C is hemoprotein, which acts as an electron carrier in the mitochondrial respiratory chain. It prosthetic group i.e. heme is covalently attached to the polypeptide chain through thio ether linkage with two cysteine residues, cyst-14 and cys-17. They have reported that Raman spectra of cyst C with thiols, bands at 1616 cm −1 and 1632 cm −1 were assigned to normal vibration in acidic and neutral form of heme C molecules. t has been found and measured some of the bands for . Sickle cell disease is caused by a mutant fo vibration. Raman lines at 572 cm corresponds to vibraWood, B.R. et al. [77, 78] have applied this technique to monitor cellular respiration and red cell hemoproteins. I sickle cell spectrum as 1398 cm Burner, H. et al. [79] have studied hemoglobin with the resonance Raman scattering. They have studied oxy, deoxy, met, and cyanomethaemoglobin and found prominent bands in the range 300 cm −1 to 1700 cm 
Materials and Methods
The blood samples were collected from epileptic and normal children in the department of Neurology, Safdarjang Hospital New Delhi. Five ml of freshly drawn blood was collected in screw capped test tube containing 0.1ml of 0.5 M EDTA and was shaken nicely by inverting two or three times. Then freshly prepared solution of Dextran was added to half volume of the sample. The tube was kept in slanting position for 45 minutes and then in vertical position for 15 minutes. The plasma was decanted and centrifuged for twenty minutes at 1500 r.p.m in T-8 Remi centrifuge. After centrifugation of blood, buffy coat as well as some red blood cells at the top were removed along with plasma to get rid of any contamination of leucocytes. The remaining cells were washed three times with cold normal saline to wash out the plasma. The red blood cells were lypholized. The sample was prepared in powder form by grinding. The samples were prepared for Laser Raman spectroscopic measurements by taking about 1mg of the dehydrated red blood cell.
Raman spectra of heme proteins, were recorded in the 500 -3000 cm −1 region with a laser Raman Spectrophotometer (Model NR-1000) consisting of photomultiplier unit (R-464) including Argon ion laser at 514.5 nm having scanning speed of 20 cm −1 min. A block diagram of laser Raman spectrophotometor is shown in Figure 4 . A ray diagram of laser Raman spectroscopy is shown in Figures 4 and 5. Tables 1 and 2 .
Results

Experimental findings are tabulated in
Experimental findings are reported in the form of a combined graph of all the diseased and normal children in Figures 6 and 7. tion of the ligand against the iron.
Wood, B.R. et al. [80] have studied resonance Raman spectroscopy for red bl also taken to find some specific changes in all the blood hancement of a band at 567 cm −1 in the spectra of oxygenated cells was also observed. This band was assigned to the Fe-O(II) stretching mode. The band, which was appeared at 419 cm −1 was also assigned to Fe-O-O bending mode.
Mishra, S. al. [81] have applied t prology, neurology, bacteriology and traumatology and reported their main findings as four Raman lines were found at 1110 cm −1 , 1340 cm . These lines may have contributions from CH 2 group of cholesterol.
Ramser, K. et al. [82] have studied the combination of resonance Raman spectroscopy, optical tweezers and microfluidic system applied to the stu ntaining a single cell and developed a method and tested on several globin containing cells hemoglobin within single red blood cells.
Sikirzhytski, V. et al. [83] have applied Raman spectroscopy to the body fluids with special reference to forensic study for determining the traces of semen, blood, saliva, sweat and is technique to include mixtures of body fluids. It is very easy to differentiate body fluid traces of human and animal origins for the forensic point of view.
Yu, N.T. et al. [61] have applied this technique to heme proteins and they have reported finding related to hemoglobin and cyto cted weak lines below 850 cm −1 in ferro cytochrome C. Soret excited Raman spectrum of oxyhemoglobin can be obtained with the help of laser Raman spectroscopy. The weaker O-O intensity was reported for cytchrome C with the application of strong O-O Raman intensity.
Ozaki, V. [84] has studie ld of medical application. Different forms of samples like semen, blood, saliva sweat and vaginal fluid were 
Discussion
Raman spectroscopy has for a long time been one of the best informative tools for probing insight into the structures of biological molecules. It has been also applied particularly to hemes and metalloporphyrins. Hemes and metalloporphyrins have a high symmetry and chromorphoric structure. Due to this fact strong Raman scattering arises.
Water is a weak Raman scatterer. This spectroscopy can effectively be used for the structural, chemical and vibrational analysis of materials. Every scattering species gives its own characteristic vibrational spectrum. The spectrum can be used for its qualitative identification. If the system has chemical interaction the new Raman lines may help in detecting the new molecular spices. The procedure can not disturb the chemical equilibrium and gives information asout labile species, which could not be apprehended by simple chemical analyser. This spectroscopy gives distinct information about individual species, present. Raman method is a powerful tool measthe system as a whole. Intensity of a characteristic Raman line is to a fair approximation proportional to the volume concentrations of the species. Raman intensity measurements provide a basis for quantitative analysis. Raman spectroscopy is an information rich technique analysis. It can be applied to any biomolecule without labeling.
We have applied this sophisticated tool of spectroscopy to study the heme compounds in the form of red blood cells, which were derived from the blood of epileptic children and compare our data with healthy children. Heme proteins are known to be coloured. They can absorb visible light. Raman spectroscopy has been used to study the composition of heme proteins early by many scientist and reported in different articles. We are in a position to demarcate the changes, which were found at the molecular level. Active sites of heme proteins contain hemes, which are derivatives of porphyrins.
The spectra of porphyrin and hemes are known and vibrations have already been calculated and given in the literature nicely. The positions of few definite bands are known to refleet geometry of the heme. These positions can also reflect the heme iron coordination, spin and axidation states directly.
It has been seen that there is uncertainity in assignments of the ligand heme iron atoms vibrations. In the case histidine the heme iron imidazole nitrogen mode of brates and found in the . The iron histidine modes in globulins were also studied and one further vibration is ab 0 cm inte tween histidine and heme play a role in differentiating the Raman activity of these interesting modes. 
